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(54) TARGET CONTAINING INTERMETALLIC COMPOUND. AND MANUFACTURE OF HARD COVERED MEMBER 
USING IT 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide the target containing the intermetallic compound which is small in secular 
change of the composition in forming the film, and capable of forming the covering of the (Ti, Al) compound of 
excellent quality by containing the intermetallic compound of Ti and Al by the prescribed quantity in a diffusion 
manner and mainly constituting the balance of Ti and Al. 

SOLUTION: A target containing the intermetallic compound which consists of the sintered alloy obtained through 
sintering by the powder metallurgical method, containing ≥30 atm.% of the intermetallic compound of Ti and Al with 
the balance Ti, Al and inevitable impurities, and is capable of forming a hard covering which is small in micro particles, 
hard in hardness, and uniform, is obtained. In the intermetallic compound^ ThAflja. preferably 50-55:50-45 atomic ratio, 
or Ti:AI is 48-75:52-25 in the whole target The inevitable impurities of4S>i, FeUpT etc., are preferably limited to ≤1%. 
The covering excellent in the uniformity, peeling resistance, high hardness, and high toughness can be formed by 
achieving the arc ion plating using the target. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The intermetallic-compound inclusion target with which the intermetallic compound of titanium and aluminum 
is characterized by more than 30 atom % and the remainder consisting of a titanium element, an aluminum element, and 
an unescapable impurity. 

[Claim 2] The above-mentioned intermetallic compound is an intermetallic-compound inclusion target according to 
claim 1 with which the rate of an atomic ratio of a Ti element pair aluminum element is characterized by being 
50-55:50-45. 

[Claim 3] The above-mentioned target is an intermetallic-compound inclusion target according to claim 1 or 2 with 
which the rate of an atomic ratio of the Ti element pair aluminum element contained at this whole target is 
characterized by being 48-75:52-25. 

[Claim 4] The above-mentioned unescapable impurity is an intermetallic-compound inclusion target according to claim 
1 , 2, or 3 characterized by restricting one or more sorts in Si, Fe, and B to below 1 atom % to the above-mentioned 
whole intermetallic-compound target. 

[Claim 5] The above-mentioned target is an intermetallic-compound inclusion target according to claim 1 , 2, 3, or 4 
characterized by being the sintered alloy sintered by powder-metallurgy processing. 

[Claim 6] The 1st process which carries out bombardment processing of the front face of a base material, and the coat 
formation material which made it evaporate from a target are led to the front face of this base material. In the coat 
formation technique by the physical vapor deposition containing the 2nd process which forms the coat which consists 
of one sort of monolayers in the nitride of titanium and aluminum, a charcoal nitride, a nitric oxide, a carbonation object, 
and a charcoal nitric oxide, or two or more sorts of multilayers This target used at this 2nd process is the manufacture 
technique of the hard covering member characterized by being the intermetallic-compound inclusion target which 
contained the intermetallic compound of titanium and aluminum more than 30 atom %. 

[Claim 7] The above-mentioned bombardment processing is the manufacture technique of the hard covering member 
according to claim 5 characterized by impressing a negative bias current to the temperature of 773-1 273K, and a base 
material, and being processed among the vacuum which becomes by the pressure of 10 to 3 or less Torrs. 
[Claim 8] The above-mentioned intermetallic compound is the manufacture technique of a hard covering member 
according to claim 5 or 6 that the rate of an atomic ratio of a Ti element pair aluminum element is characterized by 
being 50-55:50-45. 

[Claim 9] The above-mentioned target is the manufacture technique of a hard covering member according to claim 5, 6, 
or 7 that the rate of an atomic ratio of the Ti element pair aluminum element to this whole target is characterized by 
being 48-75:52-25. 

[Claim 10] The 2nd above-mentioned process is the manufacture technique of the hard covering member according to 
claim 5, 6, 7, or 8 which sets the flow rate of the nitrogen-source gas for the temperature of 773-1 273K, nitrogen gas, 
and/or nitrogen supply to 300 or more SCCMs during reduced pressure, and is characterized by being carried out to a 
base material by impressing a negative bias current. 

[Claim 11] The above-mentioned physical vapor deposition is the manufacture technique of a hard covering member 5, 
6, 7 and 8 which are characterized by being the arc ion-plating method, or given in nine. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention on the base material of a metal, an alloy, or a ceramic 
sintered compact It is related with the manufacture technique of the intermetallic-compound inclusion target optimum 
as an evaporation source for covering the coat of the compound which becomes by the physical vapor deposition by 
the nitride of titanium and aluminum, the charcoal nitride, the nitric oxide, the carbonation object, and the charcoal 
nitric oxide (Ti, aluminum), and the hard covering member using this target The intermetallic-compound inclusion target 
which can cover the coat of the compound which suppresses occurrence of a micro particle and is specifically 
excellent in the homogeneity, the peeling resistance, the high degree-of-hardness nature, and the high toughness of a 
coat (Ti, aluminum). And the tool for cutting represented by a lathe-turning tool, a milling cutter tool, a drill, and the end 
mill using this target, The tool for antifriction represented by cauterization-proof antifriction members, such as mold 
tools, such as disconnection blades, such as a slitter, a decision blade, a die, and punch, and a nozzle It is related with 
the intermetallic-compound inclusion target for producing the hard covering member optimum as an engineering-works 
construction tool represented by the bit for tunnel digging, and the structural tool, and the manufacture technique of 
the hard covering member using this target 
[0002] 

[Description of the Prior Art] Thickness covers the coat of a ceramics 20 micrometers or less on a metal, an alloy, and 
the base material of a ceramics, each property of a base material and a coat is pulled out effectively, and many 
covering members which were going to attain the longevity life are proposed. When the coat technique in this covering 
member is divided roughly, it has the physical vapor deposition (PVD) represented by a chemical vapor deposition 
(CVD), the sputtering method, and the ion-plating method. Among these, there is a thing about the covering member 
represented by the coat of the compound (Ti, aluminum) proposed from the middle of the 1980s as one sort of the coat 
by PVD. Generally the coat of this (Ti, aluminum) compound is covered with the sputtering method which makes an 
evaporation source the target containing Ti element and aluminum element Although indicated about the target 
containing such a Ti element and aluminum element, there are JP,62-56565A JP.6-210502A JP.6-21051 1 A and 
JP.7-1 97235.A as a typical thing. Moreover, there is JP.8-1 00255,A as a typical thing currently indicated about the 
target which the intermetaflic compound distributed. 
[0003] 

[Problem(s) to be Solved by the Invention] It is indicated by JP.62-56565A JP.6-210502.A, and JP.6-21051 1 ,A about 
the target of a Ti-aluminum alloy (aluminum:20% inclusion) among the advanced technology currently indicated about 
the target containing Ti element and aluminum element Though that production of a target is difficult in alloy and the 
target were produced, when a coat is covered from Tiraluminum being the alloy of the proportion of 4:1, using this as an 
evaporation source, the target of the indication to these advanced technology tends to generate a micro particle on a 
coat, shows the inclination of the heterogeneity of a coat, low degree-of-hardness nature, and easy-releasability, and 
has the problem become a short life, moreover — JP.7-1 97235.A — AIXTM-X — it is specifically indicated about 
aluminum0.7Ti0.3 target The target of an indication in this official report includes the same problem as **** except for 
production of a target, when it is the mixture with aluminum element and Ti element, and when it is the alloy of 
aluminum and Ti further, it includes the same problem as **** at the time of the membrane formation which used 
production of a target, and its target 

[0004] On the other hand, it is the composition of the alloy content which consists of Nb, V, Ti, Zr, nickel, Pt, and W 
which becomes 1 - 20wtX from the remaining aluminum and an unescapable impurity one or more sorts, and is indicated 
by JP,8-100255,A currently indicated as a target which the intermetallic compound contained about the sputtering 
target material for thin film formation of the TFT which the intermetallic compound of aluminum of 30 micrometers or 
less of mean particle diameters and the aforementioned alloy content is distributing on the base. The target of an 
indication in this official report is an alloy which consists of two or more sorts of metallic elements which make 
aluminum a principal component, tends to generate a micro particle on a coat like [ when forming the compound thin 
film containing a nonmetallic element to becoming the thin film which was excellent when forming the thin film for TFT 
] the above-mentioned advanced technology, shows the inclination of the heterogeneity of a coat, low 
degree-of-hardness nature, and easy-releasability, and has the problem become a short life. 

[0005] this invention solves the trouble in the membrane formation technique which used a conventional above target 
and its above conventional target specifically It considers as the target which carried out uniform variance inclusion of 
the intermetallic compound of titanium and aluminum more than 30 atom %. When covering the coat of a compound (Ti, 
aluminum) using this target, it is hard to produce the aging of the target composition component at the time of 
membrane formation, and the micro particle on the front face of a coat can be suppressed. It aims at offer of the 
manufacture technique of the hard covering member using the target and it which can be made a long lasting covering 
member that it is easy to equalize the quality of the material and thickness of that coat hardness can be raised, that 
adjustment of the orientation of a crystal growth of a coat becomes easy, and a coat, and its result 
[0006] 

[Means for Solving the Problem] The conventional target used in order that this invention persons may produce the 
coat of a compound (Ti, aluminum) The coat produced using becoming with a Ti-aluminum alloy, especially the alloy 
with few aluminum contents, and this target It is [ that it is easy to generate a micro particle ] easy to become an 
uneven coat. The place which was being continued and examined for years since there was a problem become the coat 
of a low degree of hardness, Although the detailed ground is not clear, the coat produced using the target which made 
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the intermetallic compound of titanium and aluminum contain more than 30 atom X acquires the knowledge that 

a resolution of the above troubles is possible, and comes to complete this invention. 

[0007] As for the target of this invention, the intermetallic compound of titanium and aluminum is characterized by 
more than 30 atom X and the remainder consisting of a titanium element, an aluminum element, and an unescapable 
impurity. 

[0008] Specifically, the intermetallic compound in the target of this this invention can mention the case where the 
atomic ratio of Tiraluminum said that it is the intermetallic compound of titanium and aluminum consists of at least one 
sort in 1:1 (TiAl intermetallic compound), 3:1 (Ti3aluminum intermetallic compound), and 1:3 (TiA3 intermetallic 
compound). It is that it is desirable from that the target by which becoming by TiAl intermetallic compound which the 
atomic ratio of Tkaluminum approximated to 1:1 among these intermetallic compounds was stabilized can be produced, 
and occurrence of a micro particle being suppressed by membrane formation using this target, and the property of a 
coat being excellent, and it is desirable to make many intermetallic compounds which the rate of an atomic ratio of 
Ti:aluminum becomes by 50-55:50-45 especially contain. This intermetallic compound is that distributing uniformly in a 
target is desirable. 

[0009] The composition-configuration of the target of this this invention besides an above-mentioned intermetallic 
compound Ti metal and aluminum metal. Where Ti and/or aluminum are intermingled, when becoming a Ti-aluminum 
alloy or a Ti-aluminum alloy, specifically In for example, the case of the 1st configuration of consisting of a TiAl 
intermetallic-compound +Ti metal and/or an aluminum metal In the 2nd configuration of consisting of a TiAl 
intermetallic-compound + (Ti-aluminum) alloy, the case of the 3rd configuration of consisting of a TiAl 
intermetallic-compound + (Ti-aluminum) alloy +Ti metal and/or an aluminum metal can be mentioned. In composition of 
this target, important things are the content of the intermetallic compound contained in a target, the proportion of Ti 
element which exists in a target, and aluminum element, and the proportion of Ti element in the intermetallic compound 
mentioned above, and aluminum element Among these, when the rate of an atomic ratio of Ti element and aluminum 
element which exists in a target is Ti:aluminum=48-75:52-25, it is a desirable thing from the ability to raise a 
membranous property. 

[0010] The target of this this invention can be produced with the sintering process in powder-metallurgy processing 
known as the manufacture technique of an alloy from the former, lysis casting, etc. Among these, when it produces by 
the sintering process especially the reaction-sintering method, and the elevated-temperature sintering process, it is 
desirable from it becoming easy to produce a target which fulfills precise and uniform above-mentioned conditions. 
[0011] This target has the impurity intermingled when producing the unescapable impurity and target which are 
contained in the start raw material for producing a target As these impurities, C (carbon), Si, Mn, V, Fe, nickel, N 
(nitrogen), Cr, O (oxygen), and 6 (boron) can be mentioned, for example. Among these, it is that it is desirable that one 
or more sorts in Si, Fe, and B are restricted to below 1 atom X to the whole target. 

[0012] The hard layer which becomes by various kinds of physical vapor depositions (PVD) by one sort of monolayers 
in the nitride of titanium and aluminum, a charcoal nitride, a nitric oxide, a carbonation object, and a charcoal nitric 
oxide or two or more sorts of multilayers can be covered on a metallic material, a sintered alloy, and the base material 
of a ceramics using the target of this this invention. 

[0013] The manufacture technique of the hard covering member of this invention among this physical vapor deposition 
The 1st process which carries out bombardment processing of the front face of a base material, and the coat formation 
material which made it evaporate from a target are led to the front face of this base material. It is the coat formation 
technique by the physical vapor deposition containing the 2nd process which forms the coat which consists of one sort 
of monolayers in the nitride of titanium and aluminum, a charcoal nitride, a nitric oxide, a carbonation object, and . a 
charcoal nitric oxide, or two or more sorts of multilayers. This target used at this 2nd process is the technique 
characterized by being the intermetallic-compound inclusion target which contained the intermetallic compound of 
titanium and aluminum more than 30 atom X. 

[0014] The base material used in the manufacture technique of the hard covering member of this invention The quality 
of the material which can bear the temperature heated when it is not restricted and a coat is covered especially in 
quality of the material. If it is a metal member, a sintered alloy, or a ceramic sintered compact, are satisfactory, for 
example, specifically For example, the metal member represented by stainless steel, a heat-resistant alloy, high-speed 
steel, a die steel, Ti alloy, and aluminum alloy. The ceramic sintered compact represented by a cemented carbide, a 
cermet, the sintered alloy represented by the P / M high speed steel, an aluminum203 system sintered compact, an 
Si3N4 system sintered compact, a sialon system sintered compact, and Zr02 system sintered compact can be 
mentioned. Among these, when using as the tool for cutting, or a tool for antifriction, the base material of a cemented 
carbide, a nitrogen inclusion TiC system cermet, or a ceramic sintered compact is desirable. 

[001 5] After washing and drying these base-material front faces, it can install in a vacuum and the reaction container 
for physical-vapor-deposition equipment in which gas ambient-atmosphere adjustment is possible, and bombardment 
processing which is performed from the former can be performed. When the temperature up especially of this 
bombardment processing is carried out to 773-1 273K in the vacuum of the pressure of 10 to 3 or less Torrs and a 
negative bias current is impressed and processed to a base material, it is desirable from the ability to pull out more 
easily the effect which an above-mentioned target has. 

[0016] It is the technique containing the 2nd process which makes the coat which makes an above-mentioned target 
an evaporation source and becomes the base-material front face installed after bombardment processing and in the 
reaction container from one sort of monolayers in the nitride of titanium and aluminum, a charcoal nitride, a nitric oxide, 
a carbonation object, and a charcoal nitric oxide, or two or more sorts of multilayers cover. Especially the conditions in 
the reaction container in this 2nd process are that it is desirable to carry out by decompressing, being the temperature 
of 773-1 273K, setting the flow rate of the nitrogen-source gas for nitrogen gas and/or nitrogen supply to 300 or more 
SCCMs, and impressing a negative bias current to a base material. Specifically, ammonia, the amine system matter, and 
the cyanogen system matter can be mentioned that what is necessary is just gas which reacts or decomposes and 
turns into nitrogen gas as nitrogen- source gas at this time, moreover, the 2nd — if the flow rate of the 
nitrogen-source gas which can be set in process is concretely illustrated about the case where it uses by the arc ion 
plating system — 1A (of an arc current — [0017] which is that it is more desirable to adjust as a nitrogen-source 
quantity of gas flow to per [ A) ], and it is desirable that the value is 2-4SCCM/A The physical vapor deposition in the 
manufacture technique of the hard covering member of this this invention is especially the ion-plating method is 
desirable and desirable from that it is easy for carrying out by the arc ion-plating method also in the ion-plating method 
to carry out orientation of the crystal face of a coat, and raising the property of a coat more, although it is also 
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possible to use as the ion-plating method, the sputtering method, or a laser vacuum deposition. 
[0018] 

[Function] The target of this invention is carrying out the operation of making it easy carrying out the operation whose 
intermetallic compound uniformly contained in a target suppresses the aging of the composition component at the time 
of membrane formation, carrying out the operation which makes occurrence of the micro particle which is a foreign 
matter suppressing, and to carry out orientation of the crystal face of a coat Moreover, the thing for which the 
manufacture technique of the hard covering member of this invention is making the characteristic feature of this target 
to demonstrate, Orientation of suppression of the micro particle to the inside of a coat and the crystal face of a coat is 
made easy. The coat of the compound in the hard covering member obtained as a result (Ti, aluminum) raises coat 
hardness. The operation which eases the stress which carries out the operation which raises the fracture-toughness 
value of the whole layer and abrasion resistance, and remains near the interface of a base material and a coat is 
carried out, and the operation which raises the residual compression stress to the inside of a coat in the case of the 
base material which becomes especially by the cemented carbide, and raises the adhesion with a base material to it is 
carried out 
[0019] 

[Operation examination 1] Using casting kiln, among the argon ambient atmosphere, the titanium sponge and granular 
aluminum which are marketed were used as the raw material, by 1 473-1 573K, lysis and after casting, polishing molding 
was carried out, and the target of this invention article 1 was produced, moreover, pass again the mixture which is the 
process of the conventional powder metallurgy, molding, and sintering (the sintering temperature at this time is 1373K) 
after producing the massive object of TiAl intermetallic compound using Ti powder of 5 micrometers of mean particle 
diameters and aluminum powder of 2 micrometers of mean particle diameters which are marketed and grinding this 
massive object — the target of this invention article 2 was produced 

[0020] As a comparison, the production process of the massive object of TiAl intermetallic compound was omitted, 
except having sintered by direct 1 1 73K, it carried out like this invention article 2, and the target of the comparison 
article 1 was produced. Moreover, the target produced by the clad plate of commercial Ti plate and aluminum plate was 
used as the comparison article 2. 

[0021] In this way, in quest of the intermetallic compound contained in the hardness (Vickers hardness number in 
0.05kgf load) of the produced this invention article 1 and 2 and the comparison article 1 and 2, and a target, it was 
shown in Table 1. An intermetallic compound is converted from the intensity ratio and lattice constant of the diffraction 
line by X-ray diffraction. 

[0022] After having made the cemented carbide (K10 of JIS B4053 fairly quality of the material) of the configuration 
SNGA1 20408 marketed into the base material, having used the target of this invention article 1 and 2 and the 
comparison article 1 and 2 as the evaporation source, respectively and washing a base-material front face by the 
organic solvent, it installed in the chamber of arc discharge plasma PVD equipment Initial condition in this chamber 
was made into the vacuum of temperature:600 degree C and pressure: 1 x10-4Torr, and was held for 60 minutes. 
Subsequently, it considered as the vacuum of pressure:1x10-3Torr t and was referred to as arc current60A and 
base-material bias:-600V, and bombardment processing was performed by the holding time for 10 minutes. Then, on 
condition that pressure:20x10-3Torr, nitrogen flow rate:380SCCM, arc current 100A, and base-material bias 
(V):-40(hold during 15 minutes) — 100(hold during 1 minute) — 200(hold during 1 minute) — 300(hold during 1 minute) 
— 40 (hold during 4 minutes) The coat was covered in about 4 micrometer thickness on the surface of the base 
material using each target evaporation source. In this way, the hardness, the scratch intensity, and micro particle of a 
coat of the obtained covered cemented carbide were investigated, and the result was written together to Table 1. 
[0023] The hardness, the scratch intensity, and micro particle of a coat were measured using the Vickers 
determination-of-hardness machine, the decortication testing machine which scratches and is equivalent to an 
abrasion tester, and the scanning electron microscope. As a peeling resistance of a coat, the degree of hardness 
searched for the critical sublation load until a coat exfoliates, and the load of 0.05kgves and the scratch intensity asked 
for the number per [ in a 800 times as many scanning electron microscope as this ] one visual field, and it converted 
the micro particle into per unit area. The micro particle at this time was aimed at the thing with a size [ which can be 
checked by 800 times ] of 1 micrometers or more. 
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[0025] 

[Operation examination 2] It produced almost like the target of this invention article 2 of the operation examination 1, 
and each target of this invention article 3-1 1 which adjusted the intermetallic-compound content in a target, and the 
comparison article 3 and 4 was obtained. In this way, the composition component of each target of the obtained this 
invention article 3-1 1 and the comparison article 3 and 4 was measured with X-ray fluorescence equipment and X-ray 
diffraction equipment, and the result was shown in Table 2. 
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[0026] The covered cemented carbide which covered the coat on the base-material front face was obtained almost like 
the operation examination 1 using each target of this invention article 3-1 1 shown in Table 2, and the comparison 
article 3 and 4. In this way, the hardness, the scratch intensity, and micro particle of a coat of the obtained covered 
cemented carbide were measured like the operation examination 1. and the result was shown in Table 3. 
[0027] Next, about the covered cemented carbide obtained using this invention article 3-1 1 and the comparison article 
3 and 4, the following lathe-turning examinations were performed and it wrote together to Table 3 in quest of the 
cutting time to the life at that time. It cut deeply, :1.5mm, chip configuration:SNGA1 20408, and the dry-type cutting 
examination performed, and the lathe-turning test condition made the life **-ed material:S48C (HB [ 205-223 ]), the 
cutting speed of 150m / min, delivery:0.3mm/rev. and the time of sublation, the chipping, or mean flank-wear width of 
face of a coat becoming 0.1mm, and found the cutting time to a life. 
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[0030] 

[Effect of the Invention] The target of this invention is contrasted with the conventional target used in order to cover 
the coat of a compound (Ti, aluminum), and that the effect which suppresses the aging of the composition component 
at the time of membrane formation is high, that the effect of suppressing the micro particle generated on a coat is high, 
and the covered coat have the outstanding effect of having a high degree of hardness, high toughness, and abrasion 
resistance. Moreover, the stacking tendency of the crystal face of a coat is easy for the manufacture technique of the 
hard covering member of this invention, That the variation in a coating thickness and the coat quality of the material 
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becomes uniform few and the effect of an above-mentioned target are multiplied. There is an outstanding effect that a 
longevity life can be attained in a large field until it reaches [ from a low-speed cutting field ] a high-speed-cutting 
field, when the hard covering member obtained is used as a cutting tool, As contrasted with the conventional 
manufacture technique, a longevity life is especially expected as the cutting tool for milling cutters, an end mill, and a 
rotation cutting tool as a drill. 



[Translation done.] 
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